Abstract: The present study was designed to evaluate associations between developmental defects of enamel (DDE) in the primary dentition and aspects related to mothers and preschoolers in the city of Diamantina, Brazil. A case-control study was carried out involving children aged three to five years. The case group was composed of 104 children with at least one dental surface affected by DDE. The control group comprised 105 children without DDE, matched for gender and age. The diagnosis of enamel defects was performed using the Developmental Defects of Enamel Index. Information was collected through interviews investigating socio-demographic aspects, gestation, birth weight, prematurity and breastfeeding. Simple and multiple regression analyses were performed, providing unadjusted and adjusted prevalence ratios (Poisson regression). DDE were more prevalent among children who had not been breastfed (PR = 1.57; 95% CI: 1.1-2.2) and those whose mothers were under 24 years of age at the birth of the child (PR = 1.41; 95% CI: 1.1-1.9). The prevalence of DDE in the primary dentition was higher among children who had not been breastfed and those whose mothers were under 24 years of age at the birth of the child.
Introduction
Developmental defects of enamel (DDE) are defined as disturbances in hard tissue matrices and mineralization occurring during odontogenesis. These defects are classified as either enamel hypoplasia or enamel opacities, based on clinical appearance. [1] [2] [3] Enamel hypoplasia is associated with a reduction in the thickness of the enamel in either a localized or a more widespread area, but the enamel matrix is mineralized normally. 1 It may manifest clinically in the form of pits and grooves, or else a partial/total lack of surface enamel. 1, 2 In the case of enamel opacities, the matrix is secreted to form a normal thickness, but parts fail to mature or mineralize properly, leaving regions with deficient mineral content, which appear as diffuse or demarcated opacities of yellowish or brown coloration. 4 The prevalence of DDE in the primary dentition ranges from 24.4% to 81.3% in different countries. 5, 6 The etiological factors associated with acquired DDE may act prenatally, perinatally or postnatally, and may
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be either systemic or localized. Studies have demonstrated that premature birth, low birth weight and lack of breastfeeding are the main causes of DDE in primary teeth. [7] [8] Furthermore, enamel defects are related to social aspects, as well as nutritional and systemic problems in childhood. [9] [10] [11] The extent of DDE depends on the intensity of the etiological factor, its duration and the period in which the factor was present during the formation of the crown. 12 Teeth with DDE are more susceptible to caries, insofar as these teeth have retentive areas that make them more susceptible to the accumulation of bacterial plaque. Hypocalcification can lead to a more rapid progression of carious lesions. DDE can also affect the esthetics of the maxillary incisors, exerting a negative impact on social and psychological aspects. 13 Thus, diagnosing and understanding the factors associated with DDE may contribute toward the prevention or minimization of adverse outcomes stemming from such defects. 6, 14 The present study was designed to evaluate associations between developmental defects of enamel (DDE) in the primary dentition and aspects related to mothers and preschoolers in the city of Diamantina, Brazil.
Methodology
A case-control study was conducted in the city of Diamantina, which is located in the northern portion of the state of Minas Gerais in southeastern Brazil. The study population included children from three to five years of age treated at the ten basic healthcare units in the city during immunization campaigns held in 2010. Diamantina has 90% vaccine coverage.
This investigation was carried out in two steps. A cross-sectional study was initially conducted to estimate the prevalence of DDE in preschool children aged three to five years. All teeth were evaluated by examiners submitted to a calibration procedure. In the second phase, a case-control study was conducted to identify risk factors associated with DDE in the primary dentition. The case group comprised 104 children with DDE and the control group was made up of 105 children without DDE, matched for gender and age. Children who did not cooperate during the exam and those with lip and/ or palate abnormalities 15 or systemic problems, such as asthma 16 and celiac disease, 17 which are associated with DDE, were excluded from the study.
Data acquisition involved a clinical oral exam, anthropometric measures and a questionnaire administered in the form of an interview. The selection of the children for the case and control groups and the data collection were carried out on two separate days during the 2010 National Child Vaccination Campaign. A team of three researchers (an examiner and two assistants) was installed in each healthcare unit.
Prior to the fieldwork, the examiners underwent a calibration and training exercise for DDE diagnosis. Calibration was performed using images of different clinical situations, on two separate occasions, with a one-week interval between sessions. Kappa values were calculated. Minimum intraexaminer agreement was 0.81 and minimum interexaminer agreement was 0.80. A training exercise was then carried out, involving the clinical oral exam of children in the same age group as those participating in the main study.
The exam was performed with a disposable tongue depressor under natural light and gauze to clean the teeth. The child remained seated in a chair in front of the examiner and facing a window to make maximum use of natural light. The three types of DDE were assessed (diffuse opacity, demarcated opacity and enamel hypoplasia) and classified based on the criteria of the Modified Index of Development Defects of Enamel. 4 Teeth with carious lesions that rendered the diagnosis of enamel defects impossible were excluded.
Anthropometric measures (weight and height) were used to assess nutritional status. The weight of the children was determined by placing them on a digital scale (Plenna, São Paulo, Brazil); food intake and excrement elimination were not taken into consideration. Height was determined by a stadiometer with a millimeter scale and two-meter limit (Welmy, Porto Alegre, Brazil), placed on a flat surface. Nutritional status was determined by comparing measurements with the reference standards stipulated by the American National Center for Health Statistics. 18 Information on the birth of each child was ob-and hypoplasia (4.2%).
In the case-control study, the mean age of the children examined was 49.06 months (standard deviation = 6.68). The most common type of DDE was diffuse opacity (27.3%; n = 57), followed by demarcated opacity (26.8%; n = 56) and hypoplasia (6.7%; n = 14). Table 1 shows the distribution of DDE according to the number of affected teeth per child. Table 2 shows the results of the associations between DDE and both socio-demographic and birthrelated variables.
The following maternal aspects and variables related to the child were associated significantly with the occurrence of DDE (p < 0.05): mother's age at the birth of the child (p = 0.012), breastfeeding (p = 0.016) and monthly household income (p = 0.030). In the unadjusted model, the mother's age at the birth of the child (PR: 1.47; 95% CI: 1.1 to 1.9), absence of breastfeeding (PR: 1.67; 95% CI: 1.2 to 2.3) and monthly household income less than twice the minimum wage (PR: 1.36; 95% CI: 1.0 to 1.8) were significantly associated with DDE. In the adjusted multivariate regression model, the mother's age at the birth of the child (PR: 1.41; 95% CI: 1.1 to 1.9) and absence of breastfeeding (PR: 1.57; 95% CI: 1.1 to 2.2) were significantly associated with a higher prevalence of DDE in the primary dentition, independently of monthly household income (Table  3) .
Discussion
The present study examined associations between the occurrence of DDE in the primary dentition and tained from the vaccination card. The children were classified based on birth weight using the criteria of the World Health Organization:
• very low birth weight (less than 1500 g), • low birth weight (less than 2500 g) and • normal birth weight (equal to or greater than 2500 g). 19 Interviews were conducted with parents/guardians to gather information on socio-demographic aspects (monthly household income, mother's schooling, number of children in the family, and place of residence), mother's age at the birth of the child, child's age, gender and gestational age. Gestational age was classified as
• "full term" (37 or more weeks of gestation) and • "premature birth" (less than 37 weeks of gestation). 19 Data analysis was performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 17.0, SPSS Inc., Chicago, USA) and included frequency distribution and association tests. Associations between DDE and the independent variables were determined using the chi-squared test. Poisson regression with robust variance was performed for the analysis of factors associated with DDE. The magnitude of each factor associated with the presence of DDE was determined using unadjusted prevalence ratios (PR), respective 95% confidence intervals (CI) and p-values (Wald test). Explanatory variables with a p-value ≤ 0.20 for the bivariate analysis were incorporated into the model. This study received approval from the Human Research Ethics Committee of the Universidade Federal dos Vales do Jequitinhonha e Mucuri, Brazil. Parents/guardians signed a statement of informed consent.
Results
None of the mothers refused to participate in either phase of the investigation. The prevalence of DDE in preschool children aged three to five years (29.9%) was determined in the first phase of the study. The most common type was demarcated opacity (16.8%), followed by diffuse opacity (15.7%) aspects related to mothers and preschoolers, particularly breastfeeding. Children who had not been breastfed had more enamel defects than those who had been breastfed. This result is in agreement with the findings of a previous case-control study carried out with Brazilian children, in which the lack of breastfeeding was associated with a 3.2-fold greater chance of DDE in the primary dentition. 20 Human milk is a child's primary source of nutrients in the first months of life, including calcium. Calcium ions regulate cell activities, such as cell communication, signal transduction, enzyme activation and the polymerization of cytoskeletal proteins. 21 Calcium also participates in the stage of amelogenesis in which there is loss of proteins from the matrix and input of calcium and potassium from the blood vessels that contribute to forming tooth enamel. 22 A complete absence of calcium from one's diet is reported to result in hypomineralization of the enamel. 23 This lends support to the hypothesis that the absence of breastfeeding deprives a child of calcium and causes DDE. However, this hypothesis does not appear to be valid for all teeth, insofar as the formation of the enamel matrix and calcification begin about the 15 th week of intrauterine life; 24 however, this theory may be true for teeth that complete their formation in the post-uterine period. Moreover, since the tooth formation process may be altered by nutritional, vitamin and mineral deficiencies, 2,9-11 the absence of breastfeeding may reduce the amount of nutrients during tooth formation, thereby leading to DDE.
No statistically significant association was found between premature birth and DDE. This finding may be explained by the small number of study children who had been born prematurely. Moreover, issues related to how this information associating premature birth and DDE was acquired could be the result of an interview format conditioned by the memory bias of the respondent. Previous studies carried out in different countries report that enamel defects are associated with premature birth. [7] [8] 20 Children born prematurely may be affected by serious disorders related to calcium metabolism during the neonatal period, caused not only by prematurity itself, but also by numerous other complications encountered in these children. 25 Maternal factors, such as age at the birth of the child, use of medications, infections and smoking during the prenatal period, have been associated with a higher prevalence of DDE. 26 In the present study, the mother's age at the birth of the child was significantly associated with DDE. Children whose mothers were under 24 years of age at the time of birth had a greater frequency of enamel defects. A mother's age is a well-known determinant of complications during pregnancy and delivery. 27 Pregnancy in adolescence is associated with a higher risk of adverse outcomes, including low birth weight and premature birth. 28 This hypothesis should be further investigated in longitudinal studies aimed at determining associations between complications during pregnancy and DDE in the primary dentition.
A mother's age at the birth of the child was also significantly associated with monthly household income (p < 0.001) and schooling (p = 0.035), and may therefore be used as a complementary datum in the evaluation of socioeconomic status. It is suggested that young mothers with a lower socioeconomic status are more susceptible to complications during pregnancy due to less access to healthcare services, lack of prenatal care or unsatisfactory assistance, resulting in premature birth and low birth weight, which are related to the etiology of DDE.
The association between breastfeeding and DDE found in the present study suggests the importance of breastfeeding in preventing these defects in the primary dentition. Breastfeeding contributes to reduced illness rates and complications in early life, and is related to the development of dental structures. 20 Therefore, breastfeeding and the follow-up of growth and development in the initial years of life are strongly recommended in promoting both general and oral health, as well as preventing undesirable conditions in children. In regard to enamel defects, these measures should be combined with the identification of risk factors and conditions such as dental caries, to establish early control and minimization of problems resulting from DDE.
The common occurrence of premature birth, low birth weight, nutritional deficiencies and lack of breastfeeding in poor regions underscores the need for longitudinal studies addressing social and biological factors associated with DDE. 20 The identification of these factors is important for the adoption of preventive measures against not only these defects but also other oral and systemic problems with common risk factors.
Conclusion
The prevalence of developmental defects of enamel in the primary dentition was higher among children who had not been breastfed and those whose mothers were under 24 years of age at the birth of the child. Table 3 -Prevalence ratio and confidence intervals for associations between developmental defects of enamel and variables analyzed (p < 0.05).
